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Properties of Li,Zn,(MoO,); crystals grown by the low-thermal-gradient Czochralski
technique have been studied. Chemical composition of the material was tested by ICP-MS
mass-spectrometry. Optical properties (refraction, transmittance and reflectivity) have
been measured. Luminescence characteristics of crystals under ultraviolet, synchrotron,
and X-ray excitation has been studied. Properties and the applicability of Li,Zn,(MoO,);
crystals as scintillation and bolometric detectors have been checked for the first time.

Wsyuens! cpoiicTBa KpucTamnos Li,Zn,(MoO,);, BeIpameHHEIX MeTogoM J0XPanbCKOro C
HHU3KUM TEeMIePATyPHBLIM I'PAIUEHTOM. XMMHUUYECKHUHN cocTraB mposepeH npu mnomoinu ICP-MS
Macc-crekrpomerpun. VsMepeHBI ONTHYECKME CBOiicTBa (IIpesoMJieHMe, MPO3PAYHOCTL U OT-
paskeHnue). JIIOMMUHECIIEHTHBIE XaPAKTEPHCTUKH KPHUCTAJNJIOB K3YYEHbl MHPH BO30YKIEHUU
YIbTPadUOIeTOBBIM, CHHXPOTPOHHBIM U PEHTIeHOBCKMM HBJIyYEHUSMU. BrepBble IIPOBEPEHbI
BO3MOKHOCTH MCIIONB30BaHUA Kpucramnos Li,Zn,(MoO,); B KauecTBe CHMHTHIIAIMOHHBIX U
6OJIOMETPUYECKHUX E€TEKTOPOB.
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A considerable interest in search for neu-
trinoless double beta (0v2p) decay [1, 2] is
related to the recent evidence for neutrino
oscillations which strongly suggests that
neutrinos have nonzero mass. However,
while oscillation experiments are sensitive
only to the neutrino mass difference, meas-
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urement of Ov2p decay rate may contribute
to the determination of the nature of neu-
trinos (Majorana or Dirac particle), the neu-
trino mass scale, and check the lepton num-
ber conservation law.

100Mo is among the most promising can-
didates for 203 decay experiments because of
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Fig. 1. a) Raw boule of LZMO-2 crystal; b) transmission curves for the LZMO-1 and LZMO-2

its high transition energy (Q2B = 3035 keV
[8])- As a result, the calculated value of the
phase space integral for the 0v2( decay of
100Mo is one of the largest among 35 possi-
ble 2B decay candidates. Theoretical predic-
tions for the product of half-life by the ef-
fective neutrino mass, Ty ,/9(m,)?, are in the
range of 8.0-1022 to 3.6-1027 yreV2 [4-T].
From the experimental point of view, the
large st energy is also preferable to over-
come the background problems, since the
natural radioactivity background drops
sharply above 2615 keV, the energy of y’s
from 208T| decay (232Th family). Contribu-
tion from cosmogenic activation, important
for the next generation of 2f decay experi-
ments, also decreases at higher energies [8].

A high sensitivity 2B decay experiment
demands the following properties of scintil-
lation detectors: high light output, fast re-
sponse (maximum several hundreds us),
high radiopurity, maximum concentration
of isotope studied. Low density and Z value
that mean low detection efficiency of back-
ground y quanta are also preferable. If used
as bolometric detectors, crystals should
have diamagnetic properties to reach low
temperature required by this technique. The
requirements to radiopurity of crystals for
bolometers are even stronger due to rather
slow response of these detectors (width of
pulses at half of maximum is at the level of
0.1 s). As a result, even low energy proc-
esses (as for instance p~ decay of 113Cd in
CdMoO,4 or CdWOQO,) may provide difficulties
for a bolometric detector operation.

There exist several scintillation crystals
containing molybdenum. The most promis-
ing of them to search for 2p decay of 190Mo
are CaMoQ, [9], CdMoO, [10], PbMoO, [11],
Lio,MoO, [12]. However, all the listed scintil-
lators have some disadvantages: CaMoO,
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contains 2v2p-active isotope 48Ca in natural
Ca with abundance of & =0.187 % [13],
which creates irremovable background in the
energy region of '00Mo 2B decay; CdMoO,
contains P~ active 113Cd (6 = 12.22 %) with
the half-life ~8-1013 yr; PbMoO, is contami-
nated with radioactive 210Pb; Li,MoO, has
low light yield.

The purpose of this work was to develop
LinZn,(MoQy); crystals, investigation of
their contamination, study of optical and
luminescence properties, first test of crys-
tals as scintillation and bolometric detec-
tors. Such a crystal contains 46 % wt. of Mo
and probably does not contain radioactive
elements, that is of importance for 2 decay
experiments with 19Mo. Such crystals could
be used also in searches for solar axions
(hypothetical particles which could be emit-
ted in deexcitation of 7Li" in the solar center
and resonantly captured by ’Li nuclei in a
detector on the Earth [14]) and different
modes of 2B processes in %4Zn, 79Zn, 92Mo,
and %Mo [7, 15,16].

It should be mentioned that the first in
the world large optically homogeneous
Li»Zn,(MoO,); crystals were grown using the
specially developed low-thermal-gradient
Czochralski technique [17] at the Nikolaev
Institute of Inorganic Chemistry (NIIC, No-
vosibirsk, Russia) in 2006. The first signs
of luminescence of these crystals at room
temperature were revealed. This hypothesis
was checked independently with the samples
grown by spontaneous crystallization from
stoichiometric solution and also showing a
marked response under excitation with o-par-
ticles. In this work, two crystals grown at
NIIC were studied (labeled hereafter as
LZMO-1 and LZMO-2). LZMO-1 was grown
from mixture of Li,CO5;, ZnO, and MoO;
(3—4 N purity grade) with 5 % excess of
Li,CO3; and MoOj; in comparison with the
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Table 1. Main properties of Li,Zn,(MoO,),

Table 2. Contamination of the Li,Zn,(MoO,),

crystals crystal measured by ICP-MS analysis
Parameter Value Element |[Measured | Concentra- Possible
Density (g/cm?) 4.38 a;cr?;:;c ésllé)lrllle(;flc interference
Melting point (°C) 890 (ppm)
Crystal system Orthorhombic Mg 24 2.6
Cleavage plane Weak (001) Al 27 <0.15
Wavelength of emission 550-610" Sc 45 <0.35 28gj16Q1H*,
maximum (nm) 295160
Refractive index at emission 2.0 Mn 55 0.9 SBAr19F+
maximum 40ArT4NTH*
; 3916+
Eilf:::tlv? a\:‘irage 0.4 38A}r<16001 l-,|+
y time™™ (us)
Fe 57 <1.4 SBArIOF+,
* Depends on the excitation type. 40Ar180TH*,
** For a particles at 220 K. 40Ca’®0'H*
Co 59 <0.14 43ca'to,
stoichiometric composition. The LZMO-2 40Ar19F+
boule (Fig. 1a) was grown from additionally Ni 60 0.08 4404160+
purified raw materials, it has nearly conical 68> 70
shape with maximal diameter about 30 mm Ga 69 0.12 Zn-""Zn
and total length near 70 mm. The main Ge 72 0.19 61i86zn*
characteristics of LioZn,(MoO,)5 crystals are Se 89 0.9 6674160+
presented in Table 1. The material is non-
hygroscopic and chemically resistant. Rb 85 <0.01
To estimate the presence of impurities in Sr 88 0.006
the crystals, LZMO-2 was subjected to In- Ag 107 0.07
ductively Coupled Plasma Mass Spectrome- 95n 1 16t
try (ICP-MS, Agilent Technologies model Cd 111 50 Mo "0
7500a) at the Gran Sasso National Labora- Sb 121 <0.006
tory, INFN. A sample of the crystal was Cs 133 <0.02 6671677*
powdered mechanically inside a clean poly-
ethylene bag to avoid any possible external Ba 137 1.6
contamination. Two portions of the sample Sm 147 0.3
were etched by the microwave-assisted acid W 189 39
digestion technique (Method EPA 3052)
using two different reagents: nitric acid-hy- Pt 195 0.6
drofluoric acid mixture (4:1) and concen- Pb 208 0.15
trated hydrofluoric acid. The solutions ob- Bi 209 < 0.001
tained after centrifugation have been ana-
The concentrations of chemical elements U 238 < 0.001

were measured by a semi-quantitative tech-
nique. The instrument was calibrated using
a single standard solution containing 4 ele-
ments to cover the entire mass range. The
measured results are presented in Table 2.
The errors of the values are at a level of
20-30 %. Moreover, the errors for some
elements could be higher because of inter-
ference due to production of polyatomic spe-
cies in the plasma torch including the matrix
elements and argon ion. The given results are
the averaged values of the measurements for
two solutions being in a reasonable agree-
ment. An appreciable contamination of the
crystal by Cd and W could be explained by
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previous using of the growing setup for
cadmium tungstate crystals production.
The refractive index of Li,Zn,(MoQ,); was
measured using a GS-5 goniometer. The sam-
ple was shaped as a triangular prism. It was
found that the refractive index (n,) is con-
stant in one polarization plane, while in the
other, both lower (n;7) and higher (n;%) re-
fractive indices were observed for different
directions. This indicates that the crystal is
biaxial and measurements were performed in
two directions which were symmetric to one
of the optical axes. Indices are presented for
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Fig. 2. a) spectrum of Li,Zn,(MoO,); luminescence under excitation by ultraviolet (1, bold line) and
synchrotron radiation at E,, = 4.0 eV and T = 293 K (2, squares) and at E,, = 6.0 eV and T =10 K
(3, asterisks); b) emission spectrum of Li,Zn,(MoO,); crystal under X-ray excitation measured with
PMT FEU-83. Inset: emission spectrum in visible region at different temperatures (RT — room;
LNT — liquid nitrogen), measured with PMT FEU-106.

Table 8. Refractive indexes of Li,Zn,(MoO,),

crystal
Wave- Refractive indexes
length, nm n1+ ny n,-

579.0 1.9749(2) | 1.9687(2) | 1.9622(2)
577.0 1.9746(2) | 1.9683(2) | 1.9618(2)
546.1 1.9819(2) | 1.9757(2) | 1.9690(2)
491.6 1.9983(2) | 1.9921(2) | 1.9850(2)
435.8 2.0237(3) | 2.0175(3) | 2.0097(3)

five lines of a Hg-lamp (see Table 3). The
transmittance of Li,Zn,(MoQ,); was meas-
ured using a Shimadzu UV-3101PC spectro-
photometer and is shown in Fig. 1b for
about 3 mm thick samples made from
LZMO-1 and LZMO-2 crystals. The charac-
ter of observed curves confirms that addi-
tional purification of raw materials de-
creases light absorption in the crystals. The
luminescence spectrum of Li,Zny(MoO,)s
crystal was studied using a MDR-3 mono-
chromator at room temperature. The photolu-
minescence was excited by an Ar-laser (the
wavelength 351.1 nm). The spectral resolu-
tion was 5 nm. The smoothed emission spec-
trum of a Li,Zny(MoOy); crystal under UV
excitation is presented in Fig. 2a (curve 1,
bold line). A wide (FWHM~160 nm) PL band
was observed in visible region with maximum
at 562 nm (2.2 eV).

The excitation and reflection spectra in
the energy region of 3.7-30 eV were also
measured using synchrotron radiation at the
SUPERLUMI station (DESY) [18] in the tem-
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perature interval of 10-293 K. The meas-
urements were performed on the freshly
cleaved vitreous surface. The luminescence
spectra were corrected for the setup spec-
tral sensitivity function. The luminescence
of LirZn,(MoQ,); at 298 K excited by a 4 eV
radiation shows a broad (FWHM»240 nm)
band peaked near 580 nm or 2.01 eV (Fig. 2a,
curve 2, solid squares). The luminescence
band measured under excitation with 6 eV
energy at T = 10 K was narrowed (FWHM =
210 nm) and its maximum has shifted to-
wards longer wavelengths (A =630 nm or
1.97 eV) (Fig. 2a, curve 3, asterisks). The
luminescence decay time exceeded 1 us. The
reflection spectrum measured at T = 293 K is
presented in Fig. 3a. At least 8 reflection
peaks were observed in the wavelength re-
gion of 70—-300 nm (energies 4-30 eV).

A single luminescence band is generally
observed for molybdates of the scheelite
structure, as well as for MgMoO,, ZnMoO,
[19-22]. Self-trapped excitons at isolated
MOO42‘ complex are ascertained as the lumi-
nescence centers for the scheelite type
molybdates. However, the crystal structure
of LisZny(MoO,); differs from the scheelite
type, it belongs to the orthorhombic system,
space group Pnma, with two different types
of isolated distorted MoO, complexes [23].
Thus, the model of the self-trapped excitons
at the isolated MoO, complexes can be ap-
plled to L|22n2(MOO4)3.

The low-energy parts of luminescence ex-
citation spectra measured for emitted light
at A,,, = 600 nm at T =10, 170, and 285 K
are presented in Fig. 3b. The spectrum edge
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Fig. 8. Temperature dependences of Li,Zn,(M0oO,); luminescence: a) luminescence excitation spectra

measured for A,, = 600 nm at T =10 K (curve 1, open circles) and T = 170 K (curve 2, squares)
together with reflectivity of Li,Zn,(MoO,); at T = 293 K (3, line); b) low-energy part of lumines-
cence excitation spectra measured for A,, = 600 nm at 7 = 10 K (I, solid squares), 170 K (2, open
circles) and 285 K (3, open triangles); c) temperature dependences of Li,Zn,(M0oO,); luminescence
intensity at A,, = 600 nm for excitation energies E, = 6.1 eV and E,, = 10.8 eV; d) temperature
dependences of luminescence intensity under X-ray excitation for the wavelengths near the emission

maximum (544 nm) and for integral spectrum.

is seen to be shifted to the low-energy re-
gion as the temperature increases. Perhaps
it follows from the temperature shift of the
fundamental absorption edge. The dip in the
luminescence excitation spectrum at 5.5 eV
(~220 nm) is due to the increase of the
near-surface losses in the region of the first
reflection peak (Fig. 3a, curves 1-2). As the
excitation energy rises, the intensity drops
almost to zero at 8 eV (150 nm). The slow
increase in the luminescence excitation in-
tensity at E > 11 eV (A <115 nm) is as-
cribed to the multiplication processes with
repeated formation of low-energy electron-
hole pairs.

It is to note that the most of reflection
peaks at A = 100-200 nm (6-11 eV, Fig. 3a,
curve 3) does not appear in the excitation
spectra due to the low intensity of the lat-
ter. Such a behavior can be explained by the
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existence of efficient energy relaxation cen-
ters competitive to the exciton-type lumi-
nescence ones. As the excitation energy in-
creases, the mean distance between the
separated electron and hole increases, too.
Thus, the probability for the separated elec-
tron an hole to be bound into and exciton
decreases because charge carriers can be in-
tercepted by the competitive relaxation
channels during the migration through the
crystal. The presence of the competitive re-
laxation channel affects also the tempera-
ture dependence of the luminescence inten-
sity (see Fig. 3c). As there is only a single
luminescence band under VUV-excitation,
the competitive energy relaxation centers
can be concluded to have non-radiative
character. The origin of such centers is not
clear. Anyway, their presence should de-
crease the scintillation yield of the crystal.

Functional materials, 16, 3, 2009
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Fig. 4. a) Time dependences of Li,Zn,(MoO,); crystal luminescence intensity after X-ray excitation
at room (RT) and liquid nitrogen (LNT) temperatures; b) thermoluminescence of Li,Zn,y(MoO,),
crystal after X-ray excitation at liquid nitrogen temperature.

The luminescence spectra of a
5x5x1 mm3 sample under excitation by inte-
gral X-ray spectrum from a BHV7 tube with
Rhenium anode (20 kV, 20 mA) measured
using a MDR-2 high aperture monochroma-
tor and FEU-83 photomultiplier (spectral
sensitivity 600-1200 nm) and FEU-106
(300-800 nm) one are shown in Fig. 2b. The
X-luminescence spectrum consists of several
weak bands in visible region, and of several
intense ones in IR range. Spectra in visible
range measured at 293 K and 113 K have
practically the same shape but differ in in-
tensity.

The temperature dependences of the
Li»Zn,(MoO4);  X-luminescence intensity
measured at A =600 nm for the excitation
energies E,, = 6.05 eV and E,, = 10.78 eV
are shown in Fig. 8c. The dependences of
Li»Zn,(MoO,4); X-luminescence intensity on
temperature (85—450 K) measured in wide
interval of wavelengths (integral) and in the
narrow region near the emission maximum
(544 nm) are presented in Fig. 3d. The in-
tensity slowly falls down, however, remains
still noticeable even up to 450 K. A low
maximum at 200-250 K can be explained
by superposition of thermally stimulated lu-
minescence (see below).

At room temperature, a slow decrease of
X-luminescence intensity is seen (Fig. 3d)
that can be due to two causes: (i) increasing
fraction of radiationless recombination on
recharged traps during X-ray radiation and
accumulation of light sum at deep traps;
and (ii) formation of color centers that ab-
sorb the luminescence radiation. The first
process is supposed to be dominant, as dose
dependence of X-luminescence intensity has
exponential character. A minor increase of
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luminescence intensity at the excitation
start at 85 K (when the quantity of deep
traps is much more than at room tempera-
ture) confirms this assumption.

The total luminescence intensity of
LinZn,(MoQy,); is more than three orders of
magnitude lower than that of commonly
used ZnS(Cu) luminophor. This evidences an
intense radiationless recombination of elec-
tronic excitations. A temperature quenching
of the luminescence is observed, however, it
cannot be described by the Mott formula
a=1,,,./414 + Ae E/kTy even at the tem-
peratures higher than 250 K. It could be
due to contribution from several processes
resulting both in internal and external ex-
tinguishing of luminescence. Such a behav-
ior is typical of many oxides.

The long-term phosphorescence (Fig. 4a)
and thermally stimulated luminescence
(TSL, Fig. 4b) under X-ray excitation were
measured at room (293 K, RT) and liquid
nitrogen (85 K, LNT) temperatures. The re-
sults obtained testify presence of traps in
LioZn,(MoQy,)s crystals. It should be empha-
sized that the phosphorescence attenuation
(Fig. 4a) meets a hyperbolic law that evi-
dences the recombination character of lumi-
nescence in the material. The TSL was ob-
served in a wide temperature interval, how-
ever, the light is emitted mainly at
200-240 K. This conclusion does not con-
tradict the assumption about existence of
autolocalised excitons as luminescence cen-
ters. During the phosphorescence, regenera-
tion of autolocalised exciton after release of
one of charge carriers from the trap could
take place. The possibility of such regenera-
tion was shown, e.g. for BaF, [24]. There-
fore, thermostimulated regeneration of self-
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Fig. 5. Spectrometric properties of Li,Zn,(MoO,); crystals: a) energy spectrum of 241Am o-particles

(E, = 5.25 MeV) measured using a 5x5x1.3 mm3

sample as scintillator; b) energy spectrum meas-

ured using a 20x10x2 mm?3 crystal at 10 mK as bolometer.

trapped excitons after X-ray excitation may
result in a hyperbolic dependence of phos-
phorescence decay in Li,Zny,(MoQg,);. At-
tempts are reasonable to enhance the light
output of LisZny(MoO,); by activation with
doping elements which could create more
efficient light emission centers.

The spectrometric characteristics were
measured in the temperature range of 123—
293 K using a 5x5x1.83 mm3 sample pre-
pared from the LZMO-2 crystal. The crystal
was viewed by the Philips XP2412 bialkali
PMT through a high purity quartz light
guide J4.9x25 em. The LiZny,(MoQ,); sam-
ple and the light guide were wrapped with
the PTFE tape as reflector. A Dow Corning
Q2-3067 optical couplant was used to pro-
vide optical contact of the scintillator with
the light guide, and of the light guide with
the PMT. The crystal and the main part of
the light guide were placed into a Dewar
vessel, while the PMT was thermally iso-
lated from the vessel. This way, the PMT
temperature was kept stable (about RT)
during the measurements. The Dewar vessel
was periodically filled by small amounts of
liquid nitrogen to cool the crystal. Its tem-
perature was measured using a flexible
chromel-alumel thermocouple. A 20 MC/s
transient digitizer was used to accumulate
several hundreds of Li,Zny(MoO,); scintilla-
tion pulses at each temperature. Then the
recorded pulse shapes were used to provide
the energy spectra by calculating the area
of each signal from the starting point up to
10 ps.

A collimated 24TAm o particle source was
used in the measurements. As it was
checked by surface-barrier detector, the «
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particle energy was reduced to about
5.25 MeV due to passing through the colli-
mator (-1 mm of air). Fig. ba shows the
energy spectrum of the o particles meas-
ured by the Li;Zn,(MoQO,); scintillator at
223 K. The energy resolution of 51 % was
obtained for o-particles of 24'Am source.
The relative photoelectron yield of
Li,Zn,(MoQ,); was estimated to be about 3-
4 % with respect to 21x13x9 mm3 CaMoO,
crystal of [9] at 220 K. In measurements
[9], taking into account a much longer
decay time of CaMoO, scintillator
(=100 us), the energy spectrum of CaMoO,
was plotted by calculating the area of each
signal from the starting point up to 380 ps.
The temperature dependence of the
LioZny,(MoQy),; light output measured with
o particles in temperature range 123-293 K
agrees with the behavior observed under X-
ray irradiation.

It should be noted that most of inorganic
crystal scintillators can also be applied as
scintillating low-temperature bolometers
with simultaneous recording of both light
and heat signals [16]. A great advantage of
this technique is due to excellent energy
resolution (at the level of a few keV in a
wide energy interval) and discrimination
ability of different ionizing particle types.
To check such a possibility, a Li;Zny,(MoQy,)3
crystal sample of 20x10x2 mm3 size was
tested at 10 mK as a cryogenic detector in
the setup described in [16]. A clear phonon
signal was detected. The energy spectrum
accumulated with the sample is shown in
Fig. 5b. The peak at #344 channel with
FWHM = 2.3 % and area 128+15 counts

Functional materials, 16, 3, 2009
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can be ascribed to internal contamination of
the sample with 210Po (Q, = 5408 keV).

To conclude, the high optical quality
LirZn,(MoQy,); crystals have been grown by
the low-thermal-gradient Czochralski tech-
nique. The material contamination with
other chemical elements measured by ICP-
MS does not exceed the ppm level except for
Mg (2.6 ppm), Cd (50 ppm), and W
(39 ppm). The refractive indices of
Li»Zn,(MoO,4); were measured in the 463-—
579 nm wavelength range. The crystal was
found to be biaxial. The values of refract-
ive indexes are in the range 1.96-2.02. The
transmittance of Li,Zn,(MoQ,); was meas-
ured for two samples grown from raw mate-
rials 83—4 N purity grade, and from addi-
tionally purified raw materials. The addi-
tional purification of raw materials
decreases absorption in crystals thus sug-
gesting that a further purification could
significantly improve the crystal optical
properties. The luminescence under UV,
synchrotron and X-ray excitation was stud-
ied. A weak luminescence was observed in
visible range with a maximum at 550—
610 nm, depending on the excitation kind.
The crystals show a considerable lumines-
cence in IR range under X-ray excitation.
The temperature dependence of the lumines-
cence intensity was measured in the 10—
293 K range under synchrotron irradiation,
and under X-ray excitation. The lumines-
cence intensity increases with decreasing
temperature. Radiationless transitions
dominate in recombination processes, thus
causing a rather low light output level of
the crystals. Scintillation properties of
LirZn,(MoQ,); were tested with o particles
from a 241Am source in the 123-293 K tem-
perature range. At 223 K, the photon yield
of LipZny(MoQy)s; is =4 % relatively to
CaMoO,. The temperature dependence of
light yield measured with o particles agrees
with the behavior obtained under X-ray ir-
radiation.

The applicability of crystals as cryogenic
bolometric detectors was demonstrated for
the first time. A clear phonon signal was
detected at 10 mK and energy resolution
FWHM = 2.3 % was obtained for 5408 keV
o particles. Despite scintillation properties
of LinZny,(MoO,); crystals are worse than
those of other crystals containing Mo, they
can be used as bolometric detectors to
search for 2B decay of '9Mo. As a next
step, we intend to produce Li,Zn,(MoO,)s
crystals from raw materials selected for
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ultra-low background y- and a-spectrometry
to check further possibilities to use material
as cryogenic detectors in search for 20
decay of molybdenum.
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Kpucrax Li,Zn,(MoO,); ax MoxkIUBHI JeTEeKTOP
2p-posmaxy 109Mo

H.B.Bawmaxoéa, ©.A./Janeeuu, B.A./[ezoda, I.H.][ mumpyk,
C.IO.Kymoeéoii, B.B.Muxaiinenro, C.C.Hazopnuii, C.Hici,
A.C.Hikonaiixo, A.A.Ilaeénwx, C.Ilippo, A.E.Caéon,
HA.A.Cnaccorkuil, C.®@.Conodoénuxos, 3.A.Conodosénurosa,
B.I1.Tpemax, C.M.Bamnuk, E.C.30n0mosa

Hocnimxeno Baactusocti Kpuctanis Li,Zn,(MoO,);, Bupomenunx meTogoM YoxXpaabChKOTO
3 HUBBKUM TeMIepaTypHUM IpafieHToM. XiMiuHNH cKJaj 3pasKiB IepeBipeHO 3a HOIIOMOTOI0
ICP-MS wmac-ciekTpoMeTpii. BumipsaHo onTWUHI XapaKTepUCTHUKU (3aJOMJIEHHS, IIPO30PiCTh
Ta BigbuBaHH#A). JIIOMiHecIleHTHI XapaKTepUCTHUKU KPUCTAJIB OCHiiKeHO mpu 30yIKeHHi
yabTpadiosleToBUM, CHHXPOTPOHHUM Ta PEHTTeHiBCbKUM BUIIPOMiHeHHAMU. Bmepiie mepe-
BipeHO MOMJIHBOCTI BHKOpucTaHHA Kpucranis Li,Zn,(MoO,); Ak cruHTHIANiffEHNX Ta 6ojo-
METPUUYHUX JEeTEKTOPiB.
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